1. Introduction {#sec1}
===============

Over 2000 cases of e-cigarette and vaping associated lung injury (EVALI) have been reported to the CDC. To date, no specific causative agent has been identified, although vaping with counterfeit products that may contain dilutants, such as Vitamin E acetate, appears to be associated with this epidemic \[[@bib1]\]. There are multiple clinicopathologic syndromes associated with EVALI, including Acute eosinophilic pneumonia(AEP), lipoid pneumonia, hypersensitivity pneumonitis, diffuse alveolar hemorrhage, respiratory bronchiolitis-associated pneumonitis, organizing pneumonia, acute lung injury and acute respiratory distress syndrome \[[@bib2], [@bib3], [@bib4], [@bib5], [@bib6], [@bib7]\]. Although AEP has been described in association with EVALI, the majority of bronchoalveolar lavage (BAL) samples reported in the literature do not show eosinophils as the predominant cell lineage. Here we present the first case reported in the literature of a patient with EVALI with AEP pattern associated with counterfeit tetrahydrocannabinol (THC) oil vaping and discordant bilateral BAL cell count differential.

2. Case report {#sec2}
==============

A 23-year-old man developed a non-productive cough, dyspnea, nausea, vomiting, and fevers over two weeks that failed to improve with a course of antibiotics requiring hospitalization. He denied prior respiratory infections and reported daily vaping with THC oil that he obtained from a friend for the past 2 months. Denied chest pain, lower extremity swelling, and hemoptysis. He was not taking any medications neither prescribed nor over the counter, denied recent travel and had no exposure to birds. He denied any personal or family history of respiratory problems or any other illness and did not have any past surgical history. Initial physical examination findings revealed temperature 102.8 C, pulse 112 min-1, respiratory rate 22 breaths min-1, SpO2 91% (0.21) and diffuse bilateral crackles. Laboratory examination was significant for WBC 17.21 x 103/μL, 92% granulocytes and 0.1% eosinophils. Chemistry was significant for creatinine 0.62 mg/dL, NT-proBNP 97 pg/ml, procalcitonin 0.65 ng/ml. AST 23 U/L, ALT 19 U/L, ALK PHOS 62 U/L. Urinalysis showed no protein and no red blood cell casts. Chest x-ray showed bilateral lower lobe reticulonodular opacities. Intravenous antibiotics were initiated for community-acquired pneumonia but fevers persisted and progressive hypoxemic respiratory failure requiring high flow oxygen developed; arterial blood gas showed pH 7.45/PCO2 38/PaO2 68 (100% FIO2). Computed tomography of the chest was obtained ([Fig. 1](#fig1){ref-type="fig"}). Blood cultures remained sterile, HIV serology was negative, and serum IgE was 279 kU/L.Fig. 1At presentation, Chest X-Ray (A) and compute tomography (B) of the chest demonstrated patchy bilateral groundglass opacities, peribronchovascular and centrally located, no bronchiectasis or honeycombing.Fig. 1

Seventy hours after initial presentation, tracheal intubation and invasive mechanical ventilation were required. Shortly thereafter, flexible bronchoscopy with bilateral BAL was performed revealing normal airway mucosa and no airway secretions. No fungal or bacterial organisms were identified. Smears from BAL lingula ([Fig. 2](#fig2){ref-type="fig"}A) showed 20 eosinophils/100 inflammatory cells and right middle lobe ([Fig. 2](#fig2){ref-type="fig"}B) showed less than 5 eosinophils/100 inflammatory cells. No malignant cells identified. Acute eosinophilic pneumonia was diagnosed and IV methylprednisolone initiated at 1 mg/kg every 8 hours. Within 12 hours, his oxygen requirements improved and fevers abated. Successful extubation occurred 36 hours after the initiation of mechanical ventilation. Systemic steroids were continued and he was discharged on prednisone 40 mg/day with tapering dose over ensuing 10 days. One month after discharge, the patient came back for outpatient follow up. He had no dyspnea, he was able to work out in the gym, he had a normal physical exam and normal pulse oximetry([Fig. 3](#fig3){ref-type="fig"}, follow up chest X-ray and spirometry).Fig. 2Patient\'s Bronchoalveolar Lavage. Cytological analysis and direct cell count were performed. The direct count was done using a Neubauer hemocytometer followed by manual differential count done on cytospins stained with Wright\'s stain (not shown).The cytological analysis was done on cytospins stained with Romanowsky and Papanicolaou stains.**A:**BAL from **lingula** stained with Romanowsky stain. Concomitant differential count of 20 eosinophils per 100 inflammatory cells.**B:**BAL from **right middle lobe** stained with Romanowsky stain.Concomitant differential count of fewer than 5 eosinophils per 100 inflammatory cells.Fig. 2Fig. 3One month after discharge from the hospital, Chest X-Ray (A) demonstrating complete resolution of pulmonary infiltrates and spirometry(B)showing non-specific ventilator defect.Fig. 3

3. Discussion {#sec3}
=============

Acute eosinophilic pneumonia (AEP) has been associated with inhalational drugs including marijuana and e-cigarette use. It is typically diagnosed using the modified Philit criteria \[[@bib8]\] ([Table 1](#tbl1){ref-type="table"}). Treatment involves systemic or oral steroids depending on the severity of illness \[[@bib9]\]. Our patient did not meet strict criteria of 25% eosinophils in the BAL and this may be due to probable BAL eosinophils counted as neutrophils due to degranulation and presentation with multiple nuclear lobes.Table 1Modified Philit criteria to diagnose definite acute eosinophilic pneumonia.Table 11) acute respiratory illness of less than or equal to 1 month duration2) pulmonary infiltrates on chest radiography or computed tomography (CT)3) pulmonary eosinophilia: more than 25% eosinophils in BAL fluid (can be accompanied by variably increased percentages of lymphocytes and neutrophils) or eosinophilic pneumonia on lung biopsy (bronchoscopic or surgical)4) Absence of other specific pulmonary eosinophilic diseases. (Eosinophilic granulomatosis with polyangiitis, hypereosinophilic syndrome and allergic bronchopulmonary aspergillosis)

Acute eosinophilic pneumonia (AEP) has been described as one of the probable presentations of e-cigarette and vaping associated lung injury (EVALI) \[[@bib6], [@bib7], [@bib8], [@bib9]\]. In the largest case series published to date, BAL samples from patients with EVALI showed eosinophils in a range up to 6% \[[@bib10]\], which would not meet the criteria for the diagnosis of AEP. Two other cases of AEP associated with vaping have been published \[[@bib11],[@bib12]\], but our case is the first to report AEP associated with vaping of counterfeit THC oil with discordant bilateral BAL results. It is unknown whether the BAL results of the cases described in the literature were obtained from both lungs and combined into one sample or analyzed independently from each lung. To date, there is no pathognomonic finding on BAL that can help identify EVALI \[[@bib5], [@bib6], [@bib7], [@bib8], [@bib9], [@bib10], [@bib11], [@bib12], [@bib13]\].

Vaping has emerged as a popular alternative form of inhalation of nicotine and marihuana derivates (including Tetrahydrocannabinol, THC) in part due to avoidance of combustion byproducts \[[@bib1],[@bib14]\]. Unfortunately, THC oil (especially that produced by unregulated individuals) may contain dilutants such as propylene glycol, vitamin E, and flavoring ingredients that can lead to adverse respiratory effects \[[@bib15],[@bib16]\].

Vaping THC oil is a growing trend among adolescents and young adults and is a health hazard. Acute or subacute presentation with systemic, respiratory and gastrointestinal symptoms and radiographic infiltrates in a young adult with recent inhalation of counterfeit THC oil within 90 days of the presentation via an electronic delivery device should alert providers to EVALI as the cause for acute hypoxic respiratory failure. A bronchoscopic examination with bronchoalveolar lavage may be warranted in certain individuals, and providers should be aware of the possibility of discordant bilateral cell count differentials in the BAL results. In the absence of immunosuppression and after infectious etiologies have been ruled out, prompt initiation of oral or intravenous steroids can be considered \[[@bib7]\].
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The following is the Supplementary data to this article:Multimedia component 1Multimedia component 1

Supplementary data to this article can be found online at <https://doi.org/10.1016/j.rmcr.2020.101015>.
